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Introduction 
The internal combustion engine is the main pro-
pulsion system for the transport sector and causes a 
significant amount of the emissions of the greenhouse 
gas CO2. A lot of research efforts focus on further 
improving the efficiency, emissions and power output 
of internal combustion engines (ICE) in order to re-
duce the fuel consumption. To enhance this develop-
ment, computer tools are being developed to simulate 
the engine cycle. Models for the convective heat 
transfer from the combustion gases to the walls inside 
a spark ignition engine are an important keystone in 
the simulation tools. The heat transfer is needed to 
solve the conservation equations of mass and energy 
at every calculation step. The heat losses to the com-
bustion chamber walls have a direct impact on the ef-
ficiency, power and emissions of the engine. 
The existing models used today in engine simula-
tion tools were developed since the early 1960s [1, 2] 
and are based on heat flux measurement of the com-
bustion of mixtures of air and fossil fuels. These 
models are inadequate to predict the heat transfer for 
the entire parameter space and different (alternative) 
fuels [3]. This could be caused by an inaccurate rep-
resentation of the effect of the gas properties within 
these existing models as the gas properties of these al-
ternative fuels can vary substantially from those of 
fossil fuels. 
To build up a new heat transfer model accurate 
heat flux measurements need to be conducted. Meas-
urements in different types of engines are needed to 
observe the influence of the dimensions and proper-
ties of the engine (number of valves, type of flow …). 
In spark ignition engines the propagating flame front 
and the turbulent flow causes a large spatial variation 
in heat flux therefore heat flux data from the entire 
combustion chamber surface are required to build a 
reliable model. 
Heat Transfer in S.I. Engines 
In spark ignition engines the heat transfer is of a 
convective nature because of the absence of particulate 
matter that radiates heat [4]. Although the heat transfer 
process inside an engine is transient in reality, for 
modelling, it is assumed to be quasi-steady. As a con-
sequence, the convective component of the heat flux 
(q) can be described by a convection coefficient (h), 
defined in equation (1). Here Tw is the wall tempera-
ture and Tg the bulk gas temperature. 
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To model the convection coefficient it is made 
dimensionless and is characterized by the Nusselt 
number [1, 2]. The Nusselt number is modeled as a 
function of the Reynolds and Prandtl number through 
the Reynolds analogy (2). 
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Only the physical interpretation of the Reynolds 
and Prandtl number will be given here. The Reynolds 
number is the ratio of the inertial forces to the viscous 
forces. The Prandtl number combines the effect of the 
gas properties on the convective heat transfer. 
In a previous doctorate research by J. Demuynck 
[3] a new heat transfer model was built. Using Design 
of Experiments a validation database was built. The 
heat flux was measured at three positions on the cyl-
inder liner of a research single-cylinder engine (con-
stant speed, 600 rpm) with a commercially available 
heat flux sensor. By injecting different inert gases un-
der motored operation (engine works as a compres-
sor), the effect of different gas properties was ana-
lyzed. Two important improvements in comparison 
with the existing models were made. First, the correct 
gas properties of the working gas were determined, 
making the model fuel independent. Second, a two-
zone model was used to determine the gas tempera-
ture of the unburned and burned fraction separately. A 
new heat transfer model based on the Reynolds anal-
ogy was proposed. This model is an improvement of 
the existing models. 
To further validate this new heat transfer model 
the validation database needs to be expanded. The 
spatial variation has not been studied in detail due to 
the limited amount of measurement positions availa-
ble in the research engine. Measurement on the pis-
ton, cylinder head and valves of different engines are 
essential to understand the heat transfer phenomenon 
in the combustion chamber. A new heat flux sensor is 
needed to perform these measurements because the 
commercial heat flux sensor is too big and expensive 
to be implemented on these surfaces. 
  
TFG Sensor 
In collaboration with the University of Oxford 
(Osney Thermo-Fluids Laboratory) a new prototype 
heat flux sensor has been developed (Figure 1). The 
heat flux sensor is a Thin Film Gauge (TFG) used to 
measure the wall temperature of the combustion 
chamber [5]. Solving the one dimensional heat con-
duction equation in the cylinder wall using the wall 
temperature as a boundary condition gives us the heat 
flux. Small platinum resistors are painted on a re-
sistance layer (Kapton®) which is then glued to the 
metallic substrate (mounted on a bolt to be imple-
mented in the combustion chamber of the research 
engine). This type of sensor will be used to capture 
the spatial variation in heat flux of different engines. 
 
Figure 1: TFG sensor 
This research will focus on the structure, calibra-
tion and instrumentation of the TFG sensor in order to 
expand the validation database. In a first step the 
Kapton® resistance layer will be replaced with a ce-
ramic coating which will make the sensor more dura-
ble (against the cyclic load) and easier to implement 
on all combustion chamber walls (piston, valves and 
cylinder head). Different techniques of applying the 
ceramic coating will be tested in collaboration with 
other research groups at the Ghent University (De-
partment of Solid State Sciences and Department of 
Inorganic and Physical Chemistry). The second step 
will be the calibration of the TFG sensor and the 
characterization of the thermal properties of the sen-
sor. The last step will be to instrument the combustion 
chamber walls of a production Volvo 1.8 S.I. engine 
and expand the parameter space of the validation da-
tabase. Using the new data the proposed model by J. 
Demuynck will be tested and improved by a detailed 
study of the effect of the propagating flame front on 
the convective heat transfer. The end result will be an 
engine and fuel independent heat transfer model to 
replace the existing models now used in simulation 
tools. 
References 
[1] Annand, W.J.D.: Heat Transfer in the Cylinders of 
Reciprocating Internal Combustion Engines. Proc 
Instn Mech Engrs, 1963. 
[2] Woschni, G: Determination of Local Heat Transfer 
Coefficients at the Piston of a High Speed Diesel 
Engine by Evaluation of Measured Temperature 
Distribution. SAE technical paper 790834, 1979. 
[3] Demuynck, J.: A fuel independent Heat Transfer 
Correlation for Premixed Spark Ignition Engines. 
Thesis, University of Ghent, 2012-2013. 
[4] Borman, G.L. and Nishiwaki, K., Internal-
Combustion Engine Heat-Transfer. Progress in 
Energy and Combustion Science, 1987. 13(1): p. 
1-46. 
[5] Piccini, E., S.M. Guo and Jones T.V.: The devel-
opment of a new direct-heat-flux gauge for heat-
transfer facilities. Measurement Science and Tech-
nology, 11(4):342-349, 2000. 
 
 
 
